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EXECUTIVE SUMMARY
Most economies have become more dependent on foreign final demand and foreign intermediate supplies. As such, economic shocks are likely to spread not only within a country but also between countries. While large negative economic shocks lead to a decrease in GDP, economic agents are expected to react to reduce the negative impact or amplify the positive effects. The ability of a country to contain their economic losses can be defined as the resilience to economic shocks. When economic shocks occur, does the structure change to reduce the effects of the shocks or to amplify them? In this paper, we empirically investigate the relationship between economic shocks and structural changes and examine whether the structural changes contribute to containing the negative impact of economic shocks, using the Organisation for Economic Co-operation and Development (OECD) Inter Country Input-Output (ICIO) tables from 1995 to 2011.
Our empirical approach is based on two steps. First, we calculate the predicted value-added based on a counterfactual model which is constructed under the assumption that production and final demand structure remains the same as the previous year. The difference between the actual and predicted values indicates the contribution of structural changes. If this difference is positive, it means that the structure tends to change to increase value-added and vice versa. Second, we investigate the actualpredicted values using econometric tools in two approaches. The first approach is based on a nonparametric regression analysis between the actual and predicted growth of value-added. In the second approach, we decompose value-added into three final demand sources: value-added generated from domestic goods demand, domestic services demand and foreign final demand. We investigate the relationship between final demand shocks and structural changes in these three components.
The production and final demand structure is constructed based on the standard ICIO model. The data used to build the ICIO model are obtained from the 2015 edition of OECD ICIO tables. The tables cover all OECD countries and 27 non-member economies (including all G20 countries) for the years from 1995 to 2011. The ICIO tables originally covered 34 sectors. However, because we do not have highly accurate data for some countries at the 34-sector level, we use 8-aggregated sector and 4-aggregated region classifications for our empirical analysis.
Our findings can be summarised as follows. First, production and final demand structures tend to change to reduce the negative impact of final demand shocks. During economic downturns such as the global economic crisis (2008) (2009) , structures tend to change to increase the dependence on the valueadded of service sectors, and to decrease the dependence on the value-added of goods sectors (See Panels (1) and (2) in Figure A) . Therefore, the temporary shift from goods to services sectors seems to play a key role in slowing the fall in economic performance. Second, in the downturn phase, the structure tends to change temporarily to increase the value-added induced by domestic services demand and decrease the value-added induced by both domestic goods demand and foreign final demand (See Panels (3) and (4) in Figure A) . This increase in the dependence on domestic services demand contributes to containing domestic economic losses. Third, a comparative analysis of the two periods 1997-2004 and 2004-2011 shows that in later years, structures of economies changed more flexibly to contain the negative fallout. Finally, we also examine the resilience of labour compensation, which is a component of value-added, using the same empirical approach. We find that, compared with the result for value-added, labour compensation is more resilient to final demand shocks.
In sum, during downturns in total domestic final demand, countries that prop up the economy by demand for domestic service sectors instead of domestic goods and foreign demand (goods and services) are more resilient to the negative shocks. Domestic services seem to play a key role in containing the negative fallout. (4) show the average of the differences of observed and predicted value-added growth rates for 2003-2004, 2004-2005 and 2005-2006 , which indicates the trend of structural changes from 2003 to 2006. As shown in Panel (4), before the global economic crisis, the production and final demand structures in many countries changed so that dependence on foreign demand increased and the dependence on domestic goods demand decreased. However, during the crisis, the dependence on foreign demand decreased and that on domestic services demand increased (Panel (3) ). This indicates that the negative impact of final demand is contained by structural changes that increase the dependence on domestic services demand. Domestic services play a key role in preventing a steep decline in economic performance.
Introduction
In recent years, economies of most countries have become more dependent on final demand abroad and foreign intermediate supplies. According to the literature on business cycle synchronization via production networks, idiosyncratic shocks to firms or disaggregated sectors do not remain confined to their original point of incidence, but rather such shocks may propagate to the whole economy, affecting the output of other sectors and regions (Acemoglu, et al., 2012; Carvalho, 2014; Roson and Sartori, 2016) . And rising trade intensities among countries has led to more intercountry synchronization of business cycles (Rana, et al 2012; Berdiev and Chang, 2015) . These findings imply that economic shocks are no longer confined in a country, but rather cascade to other countries, and the structure of global production networks is likely to affect economic resilience, i.e., the ability of a country to alleviate economic losses in the aftermath of shocks.
When an economic crisis or a devastating natural disaster occurs, final expenditure (i.e., GDP consisting consumption, investment and inventories) decreases. Most reactions of public agencies to such negative shocks are on final demand-side. For example, public agencies are expected to increase public final expenditure and investment, to support private investment by changing interest rates, to make a stimulus package for household consumption, and/or to provide tax incentives and subsidies on production and products. On the other hand, firms' reactions are expected to change the production structures. For example, firms are likely to change the amount of mixed income, labour and capital inputs, labour-capital ratio, and/or procurement patterns. At macro-economic level, these changes in economic agents' behaviour can bring about changes in the economic supply and demand structure, and can be associated with the degree of economic resilience.
Although conventional studies using global input-output tables (sensitivity analyses) are useful to evaluate the impact of economic shocks, 1 they assume stable production structures and thus, only reveal the marginal impacts of changes in final demand. As mentioned above, however, when economic shocks occur, whether at home or abroad, economic agents are expected to react to reduce the negative feedbacks or amplify the positive effects. Does the structure change to reduce the effect of the shocks or to amplify them? Using the OECD's annual Inter-Country Input-Output (ICIO) tables, 1995 to 2011, this study investigates the relationship between economic shocks and structural changes, and examines whether the structural changes contribute to containing the negative feedbacks from economic shocks.
Our empirical approach has two steps. First, we estimate predicted value-added based on a counter-factual model which is constructed under the assumption that production and final demand structure remains the same as in the previous year. The difference between the actual and predicted values indicates the contribution of structural changes. If this difference is positive, it means that the production and final demand structures tend to change to increase value added, and vice versa. Second, we investigate the actual-predicted values using econometric tools with two approaches. The first approach is based on a nonparametric regression analysis between the actual and predicted growth of value-added. In the second approach, we decompose value-added into three final demand sources: value-added generated from domestic goods demand, domestic services demand, and foreign final demand. We investigate the relationship between final demand shocks and the structural changes in these three components.
There are many previous studies which have analysed the relationship between economic shocks and the volatility of macroeconomic variables (GDP, consumption, employment, and so on) to evaluate economic resilience. Since a resilient economy is often defined as an economy in which the deviation between actual and potential output is relatively small by giving a series of shocks (Drew et al, 2004; Duval et al, 2004; Elbourne et al, 2008) , the study on economic resilience with regard to macroeconomics is related to the study of business cycle fluctuations.
2 For example, Duval et al (2004) estimated the gap of actual and potential GDP using 20 OECD countries from 1982 to 2003, and investigated the relationship between the gap and the characteristics of labour and product market regulations. They found that a country employing policies and institutions associated with rigidities in labour product market tends to dampen the initial impact of shocks but to make their effects more persistent. On the other hand, there are several studies that use a dynamic stochastic general equilibrium model (DSGE) to investigate the degree of economic resilience (Drew et al, 2004; Elbourne et al, 2008; Ernst et al, 2007) . These studies calculate the deviation of actual values (output, consumption, employment, etc.) from their expected (or potential) equilibrium values due to exogenous shocks, and investigate the effects of labour and product markets flexibility on the magnitude of the deviation by changing model parameters for the rigidity of price and wage.
Compared to previous studies, our study has several features. First, we investigate the relationship between economic shocks and changes in the production and final demand structure. The potential GDP used in Duval et al (2004) is similar to the predicted value-added used in our study. However, it differs in that potential GDP is estimated using a production function subject to exogenous supply shocks, while our predicted value-added is calculated using the structure of production and consumption patterns subject to final demand shocks. Hence, our approach can take into account the changes in not only production function, but consumption patterns due to final demand shocks, and examine whether these changes contribute to alleviate economic losses. Second, the reactions of economic agencies are expected to differ between negative and positive shocks and to depend on the magnitude of shocks. Economic agencies are expected to change their behaviour to amplify the positive effect from shocks and to contain the negative effect from shocks. Previous studies do not consider this asymmetry of economic shocks. We separate negative and positive economic shocks to take into account asymmetric effects of economic shocks, and investigate the relationship between resilient reactions and the magnitude of negative shocks. Finally, taking advantage of the I-O framework, we decompose the gap between the actual and predicted value-added by final demand source. When negative shocks occur, it is expected that the dependence of foreign final demand will decrease and the dependence of domestic demand will increase in order to reduce the domestic economic losses. With these possibilities in mind, we decompose the actual-predicted gap into three components: domestic goods demand, domestic services demand, and the part attributable to foreign final demand (goods and services). As a result, we found that during the economic slowdown phase, the production and final demand structures tend to change temporarily to increase the value-added induced by domestic services demand, but to decrease the value-added induced by both domestic goods demand and foreign final demand. Increasing the dependence on domestic services demand in the economic slowdown phase contributes to containing domestic economic losses.
The remainder of this paper is structured as follows. Section 2 describes the methodology to measure the degree of economic resilience. Section 3 reports the empirical results, and Section 4 summarises our findings.
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Model and data
Inter-Country Input-Output (ICIO) model
This section defines economic shocks and structural changes using the ICIO model, and describes the predicted value-added under the assumption that the structure remains the same with the previous year. In this paper, economic shocks are defined as the changes in total final demand, and we use the following standard ICIO model to define the production and final demand structure.
Based on a two-country (R, S), two-sector (1, 2) ICIO model, the relationship between valueadded and final demand is represented as 
where c i V is the value-added of sector
cd ij a is the input coefficients. ] 
where ct f is the total final demand of country c (1 by 1), and
vector of the share of final demand by product group times origin country. Substituting Equation (3) into Equation (2), we obtain
), which is nearly equal to the gross domestic products, value-added can be determined by the Leontief inverse matrix ( t L ), the share of final demand for each product ( ct
, and the value-added ratios ( t v ). These determinants can be considered as the production and final demand structure to produce value-added. In this paper, structural changes are defined as the changes in these factors (
Given the total final demand at time t, the predicted value-added under the production structure of previous year t -1 can be measured as follows: 
where * t V denotes the predicted value-added. The difference between the actual and predicted valueadded is
which indicates the contribution of structural changes to the value-added. If this difference is positive (negative), the structure changes to increase (decrease) the value-added.
OECD's ICIO database
The data used to build the model are obtained from the 2015 edition of OECD ICIO tables.
3 The tables cover all OECD countries and 27 non-member economies (including all G20 countries) and the years from 1995 to 2011. Tables 1 and 2 show the sector and country coverage. The original sector coverage of the ICIO tables is 34 sectors. However, in the absence of highly accurate data for some countries at the 34-sector level, we use the eight-aggregated sector and four-aggregated region classifications for our empirical analysis. Since the OECD's ICIO database is based on U.S. dollars at current prices, we need to convert the data to national currencies at constant prices. Otherwise, the contribution of structural changes defined in Equation (6) could include not only the contribution of structural changes, but also changes in prices and exchange rates. Moreover, policy makers tend to base their reactions to shocks on information in their national currency; hence, we must reckon with value-added in national currencies. As Figure 1 shows, the national currency-based value-added behaves differently in behaviour from the 4 The difference appears to be caused by changes in exchange rates. In this paper, we first calculate the actual and predicted value-added based on the U.S. dollar at current prices, and then convert them into the national currency at constant prices, using total valueadded prices and exchange rates by country. 
Exploring empirical evidence of economic resilience
How does the production and final demand structure change when economic shocks occur? Do structural changes contribute to reducing the negative effect of the shocks or to amplifying them? Using the actual and predicted value-added in the national currency at constant prices, described in the previous section, this section investigates the relationship between economic shocks (final demand shocks) and changes in the production and final demand structure and explores empirical evidence of economic resilience. Towards this end, we employ two approaches. First, in section 3.1, we compare the actual and predicted value-added growth rate, using nonparametric estimation methods. It is expected that the economic agencies will react differently to positive and negative shocks and will be likely to change their behaviour to amplify the positive effect and contain the negative effect of shocks. Nonparametric methods allow us to deal with the asymmetric nature of positive and negative final demand shocks. Second, in section 3.2, we decompose value-added by final demand source: value-added generated from domestic goods demand, domestic services demand and foreign final demand. During an economic crisis, it is possible that the dependence on final demand decreases and the dependence on domestic demand increases to contain domestic economic losses. We examine this possibility in the second approach. In Section 3.3, we use labour compensation data instead of valueadded data, and examine the relationship between structural changes and economic shocks using the same empirical approach as Section 3.1 and Section 3.2.
First approach: Actual vs predicted growth
Nonparametric regression
Based on the predicted value-added described in Equation (5), we define the actual and predicted value-added growth rate as follows:
where i, c and t denote a sector, country and year, respectively. Note that the value-added ( t c V , ) is reckoned in the national currency at constant prices in 2005. Without changes in the production and final demand structure from t to 1 − t , these predicted growth rates could be the same as the actual rates. The difference between the actual and predicted growth rates indicates the contribution of structural change to the actual value-added growth. Figure 2 shows the relationship between the actual and predicted growth rate. The horizontal axis represents the predicted growth and the vertical axis, the actual growth. The dashed line is a line with slope one (i.e. where predicted growth = observed growth). Deviation from the dashed line shows the difference between actual and predicted values and reveals the contribution of both production and final demand structural changes. When observations are plotted at C, the actual growth is greater than the predicted growth, indicating that changes in production and final demand structure contribute to containing the negative feedbacks. In contrast, when observations are plotted at D, this means the actual growth is smaller than the predicted growth, indicating that the structure tends to change to amplify the negative feedbacks. In the same way, in the case of A (B), the positive impact is increased (decreased) by changes in the production and final demand structure.
When economic shocks occur at time t, the predicted growth rates are expected to decrease compared to the previous year, while economic agents are expected to react to the negative shocks and to change their behaviour to reduce the negative feedbacks. For example, public sector agents are expected to increase public final expenditure and investment, to support private investment by changing interest rates, to stimulate household consumption and/or to provide tax incentives and subsidies for production. These changes in the behaviour of public sector agents can bring about changes in the share of the final demand for each product (
). On the other hand, firms are expected to change the amount of mixed income, labour and capital inputs, labour-capital ratio and/or procurement patterns. These changes in firm behaviour can bring about changes in the production
v ) at the macro-economic level. If these changes in behaviour help contain the negative feedbacks from economic shocks, observations are likely to be plotted more around C than D (Figure 2 ).
Since the relationship between actual and predicted growth rates is expected to be non-linear and asymmetric between phases of upward and downward growth, we employ a nonparametric regression model as follows ) (⋅ π represents a function of the predicted valueadded growth. We estimate the functional form non-parametrically, using data variation across countries and years. The sample size is the sum of the number of countries and years. Figure 3 reports the estimation results of Equation (7). 5 The vertical axis represents the actual value-added growth rate and the horizontal axis, the predicted value-added growth rate. Both expressed as the deviation from the within-country mean growth over the sample period. The blue line is the estimated line, the red line is a line with slope one and the grey interval indicates the 90% confidence interval.
In the case of the US dollar basis (Panel II), the estimated lines are below the red line in the third quadrant and significantly above the red line in the second quadrant, indicating that both negative and positive shocks tend to be amplified by structural changes. This result is the opposite of the economic resilience we expected. However, since these observations are plotted symmetrically around the red line, it seems that in the case of the US dollar base at current prices, there is no clear relationship between economic shocks and structural changes. On the other hand, in the case of national currency base at constant prices (Panel I), the estimated line is significantly above in the third quadrant, indicating that the negative feedback tends to be reduced by structural changes. By controlling for changes in prices and exchange rates, we can see evidence of economic resilience from the relationship between actual and predicted value-added growth.. Figure 4 shows the results of nonparametric regression by region. The estimated line for each group is significantly above the red line in the third quadrant, and hence we can see evidence of economic resilience by country group. Note: The vertical axis represents the actual value-added growth rate and the horizontal axis, the predicted value-added growth rate. Both expressed as the deviation from the within-country mean growth over the sample period. The red line is a line with slope 1, and the grey interval indicates the 90% confidence interval. Brunei Darussalam is dropped from the sample. The definition of each group is described in Table 2 , Panel (II).
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Comparison between actual and predicted value-added growth by country
While the above nonparametric regression is appropriate for an analysis of world-wide trend for the relationship between the actual and predicted growth, it cannot reveal the country-specific characteristics. Since our sample size is too small to conduct nonparametric regression by country, we visualise the time series plots of the actual and predicted growth by country in Figure 5 . Owing to space constraints, we show charts only for major countries (G8 countries, Australia, People's Republic of China [hereafter "China"], India, and Spain). The charts for the remaining countries are available in Supplementary Appendix I.
OECD SCIENCE, TECHNOLOGY AND INDUSTRY WORKING PAPERS Table 1 These figures have two charts for each country. One is a line chart which shows the time series behaviour of actual and predicted growth, and the second is a bar chart with diamond plots. The diamond plots describe the difference between the actual and predicted growth for each year, by eightaggregated industry, and shows the contribution of eight industries to the difference. The sum of each bar chart is expressed by the diamond. Positive and negative values in a bar chart for year t indicate that owing to structural changes from t to t-1, even if the total final demand at t is the same as at t-1, industries with positive values would be able to produce more value-added at t than at t-1; on the contrary, industries with negative values could reduce it at t compared with t-1. For example, the bar charts for China and India tend to show goods industries (S1-S5) with negative values and service industries with positive values for many years. This means that structures in these countries tend to change to increase value-added in service sectors relatively more than in goods sectors, implying that these countries are likely to shift to the service economy.
How have production and final demand structures changed when large economic shocks occur? As shown in the line chart in Figure 5 , we observe a large decrease in the value-added growth during the global economic crisis for many countries. Let us take the cases of Spain and Germany. Spain experienced a sharp decrease in value-added growth during 2007-2009, while actual growth was greater than predicted growth, which is calculated under the assumption that the production and final demand structure are the same as in the previous year. That is, a decrease in value-added growth was large but less than expected. The below bar chart shows what is behind this result. Owing to structural changes during economic crises, Spain's business service (S7) and personal service sectors (S8) were able to produce more value-added than in the previous year, and this contributed to reduce the negative feedback from the final demand shocks. Likewise, Germany too experienced a large decrease in valueadded growth during 2007-2009. However, unlike Spain, actual growth was smaller than the predicted growth, indicating that the production and final demand structure changed such that it amplified the negative feedback from the final demand shocks. As shown in the accompanying bar charts, the personal service sector (S8) was able to produce more value-added because of the structural changes. However, the contribution of material manufacturing (S3) and machinery manufacturing fell by more than the increase in the contribution of the personal service sector. As a result, actual growth in Germany fell below the predicted growth owing to structural changes.
Let us take a look at the other countries' results. When growth rates declined sharply, countries with a positive value of the diamond ( ) were Canada, Germany, UK, India, Australia and Russia. While the former group of countries experienced structural changes that reduced the adverse impact of negative final demand shocks, the latter group experienced structural changes that amplified the negative feedbacks. We also found that during an economic crisis, most countries experienced an increase in the contribution of service sectors (S6, S7, S8) and a decrease in the contribution of the goods sectors (S1-S5). In the former group of countries (e.g. Spain), the positive contribution of service sectors tends to be larger than the negative contribution of goods sectors. On the contrary, in the latter group of countries (e.g. Germany), the negative contribution of goods sectors tends to be relatively large.
Our findings from this section can be summarised as follows. First, the production and final demand structure tends to change to reduce the negative impacts of final demand shocks. Second, when economic shocks occur, the structure tends to change to increase the value-added of service sectors, and to decrease the value-added of goods sectors. Therefore, the temporary shift from goods to OECD SCIENCE, TECHNOLOGY AND INDUSTRY WORKING PAPERS services sectors seems to play a key role in propping up the economy and preventing a steep decline in economic performance.
Second approach: Decomposition of value-added by final demand source
The results of the first approach show that the production and final demand structure tend to change to amplify the negative final demand shocks in the goods sectors, while in the services sectors, the structure tends to change to contain negative final demand shocks. In other words, value-added induced by services demand seems to be less sensitive to negative final demand shocks than valueadded induced by goods demand. Furthermore, there is a possibility that when shocks occur, the dependence on foreign final demand decreases and that on domestic demand increases to reduce domestic economic losses. With these possibilities in mind, in the second approach, we decompose the actual and predicted value-added into three components: value-added generated from domestic goods demand ( 
The difference between the actual and predicted value-added indicates the contribution of production structural change to the actual value-added. For example, if t c V , is 0.03, this means that structural changes between t and 1 − t contribute to increasing value-added in country c by 3%. The three components of the right hand side in Equation (10) is 0. In this example, changes in production and final demand structure could lead to a decrease of value-added induced by domestic goods demand by -3% and to an increase of value-added induced by domestic service demand by 3%, while value-added induced by foreign demand is not influenced by the changing production structure. In the second approach, we investigate the relationship between these three components in Equation (10) and economic shocks by country and explore empirical evidence of economic resilience. 
(9) Figure 6 shows the decomposition results of value-added by country. Panels (I), (II) and (III) in this figure indicate the contribution of structural changes in domestic goods demand ( ). The production and final demand structures in many countries tend to change to increase dependence on foreign final demand and decrease the dependence on domestic goods demand. This trend indicates that the world economy tends to deepen and expand economic interdependence among countries. However, during economic crises, such as the Asian financial crisis (around 1998), the collapse of dotcom bubble (around 2000) and the global economic crisis (around 2009), the dependence on foreign final demand decreased and that on domestic services demand increased. During the Asian financial crisis, many Asian countries experienced structural changes to decrease their value-added induced by foreign final demand and increase their value-added induced by domestic services demand. During the global economic crisis, this phenomenon was seen in most countries. These findings from Figure 6 give rise to the hypothesis that when negative final demand shocks occur the production and final demand structures tend to change temporarily to decrease the dependence on both domestic goods demand and foreign final demand and increase the dependence on domestic services demand. This increase in domestic services demand dependence can contribute to containing domestic economic losses arising from negative final demand shocks. To verify the above hypothesis concerning the relationship between negative final demand shocks and production and final demand structural changes, we conduct an econometric analysis using the following symmetric and asymmetric regression models: dFD , is positive. The models (a) to (d) differ with respect to the left-hand side variable which shows the contribution of structural changes to value-added by final demand source. The asymmetric model allows us to distinguish between the effect of positive and negative final demand shocks on structural changes. The coefficients with positive sign mean that final demand shocks, whether positive or negative shocks, are amplified by changing the production and final demand structure. The coefficients with negative sign mean that final demand shocks are contained by changing the production and final demand structure.
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Table 3. Regression results
The relationship between final demand shocks and structural changes Note: The sample size is 930 (61 countries + ROW, 15 years) for each regression. The asterisks *** denote 1% significant level. These panels (a) to (d) correspond to the models (a) to (d) in Equations (12) and (13). The null hypothesis of the likelihood ratio (LR) test is that dFD*Nega and dFD*Posi have the same coefficient. Table 3 reports the estimation results of the symmetric and asymmetric models. The panels from (a) to (d) in this table correspond to the regression models (a) to (d) in Equations (11) is 0.0555 and significant. The likelihood ratio (LR) test shows that these two coefficients are significantly different. These results indicate that during the period that final demand growth increases compared with the previous year (i.e. the economic expansion or recovery phase), a one-point increase in the degree of positive shocks leads to changes in the production and final demand structure, and these structural changes tend to increase value-added by 5.6%. On the other hand, during the period that final demand growth decreases compared with the previous year (i.e. the economic slowdown phase), there is no significant relationship between the degree of negative shocks and structural changes, and the negative final demand shocks are not necessarily amplified by structural changes. , and these are significant. During the phase of economic expansion, a one-point increase of the degree of the positive shocks brings about an increase in value-added induced by domestic goods demand by 1.3%, through structural changes. On the other hand, during an economic slowdown, a one-point increase in the degree of negative shocks brings about a decrease in value-added induced by domestic goods demand by 3%. According to the LR test, the figures 1.3% and 3% are significantly different. It seems that final demand shocks whether positive or negative, tend to be amplified by changing the production and final demand structures; however, the negative final demand shocks have a greater effect on value-added induced by domestic goods demand than the positive shocks. As in the results for domestic goods demand, the coefficients of the asymmetric model (d) (foreign final demand) are positive and significant. However, these two coefficients are not significantly different. Final demand shocks, whether positive or negative, tend to be amplified by changing the production and final demand structures.
The asymmetric model (b), domestic goods model (
The above results with respect to domestic goods demand (b) and foreign final demand (d) show that structural changes during an economic slowdown do not contribute to containing the negative impact on the value-added generated by the domestic goods and foreign final demands. However, the results of the domestic service demand model (c) show the opposite of the results from the models (b) and (d). Model (c) (domestic services demand) has negative and significant coefficients which are -0.0639 for , respectively. These results indicate that decreasing the growth of final demand tends to change the production and final demand structure to increase the value-added induced by domestic services demand. It appears the structure tends to change to reduce the impact of the positive or negative final demand shocks on the value-added induced by domestic services demand. In other words, the value-added induced by domestic services demand is less affected by final demand shocks (whether positive or negative), compared with the value-added induced by domestic goods demand and foreign final demand. Moreover, the LR test shows that there is a significant difference between these two coefficients, indicating that the marginal effect of containing the negative impact (-0.0639) is significantly greater than the one containing the positive feedback (-0.0245). Therefore, the value-added induced by domestic service demand is relatively resilient to negative final demand shocks. (12) and (13). The null hypothesis of the likelihood ratio (LR) test is that dFD*Nega and dFD*Posi have the same coefficient. Table 4 , and there is no significant difference between these two coefficients. This indicates that the impact of final demand shocks, whether positive or negative tends to be amplified by changing the production and final demand structures. There is no asymmetric effect on value-added between positive and negative final demand shocks. On the other hand, in the latter period, the coefficient of Second, in the case of the domestic services demand modal (c), the absolute values of the coefficients become large in the latter period, implying that final demand shocks, whether positive or negative, lead to a larger change in the structure to decrease the negative impact from the shocks, and consequently the value-added induced by domestic services demand is less affected by final demand shocks. Finally, in the case of the foreign demand model (d), the magnitude of the coefficients becomes large in the latter periods. In addition, according to the results of the LR test, there is no significant difference between the two coefficients in the former period. On the other hand, in the latter period, the coefficient of changing the production and final demand structures. However, in the latter period, the amplification effect of negative shocks is significantly smaller than the effect of positive shocks. Therefore, according to the comparative analysis of the two periods, in recent years, the world economy has tended to change the production and final demand structure to become more flexible, to contain the negative feedback.
Labour compensation
The OECD's ICIO database contains not only value-added but also labour compensation data by country and industry, from 1995 to 2011. Using the labour compensation ratios which is the labour compensation divided by gross output, instead of the value-added ratios, we conduct a similar comparative analysis of the actual-predicted values as in the previous section, and examine whether the labour compensation is more affected by final demand shocks than value-added. Figure B1 in Appendix B shows the nonparametric regression results using the labour compensation data. The estimated line for each group is significantly above the red line in the third quadrant, indicating that structural changes tend to reduce the negative impact on the growth in labour compensations. Figures B2 to B4 show the time series plots of the actual and predicted growth by country, which correspond to Figure 5 of the value-added version. As is the case of value-added, the service sector plays a key role for reducing the negative feedbacks to labour compensation. However, the growth of labour compensation appears to be more stable and less sensitive to final demand shocks. During the global economic crisis (around 2009), the difference between actual and predicted growth was definitely larger in the case of labour compensation than in the case of value-added in France, Germany, Italy, Japan, and Russia. Furthermore, according to the regression analysis using labour compensation data (shown in Table B1 and B2 of Appendix B), the coefficients of the domestic service demand model (c) are negative and significant, and these absolute values are greater than those in the case of value-added. These results indicate that final demand shocks to labour compensations tend to be more reduced through structural changes than the shocks to value-added. In other words, labour compensation is more resilient to the final demand shocks.
How should we interpret these results? Value-added consists of (1) labour compensations, (2) consumption of capital, (3) net operating surplus plus mixed income, and (4) tax less subsidies on production. It is probable that while value-added is expected to decrease because of negative final demand shocks, the decrease in labour compensation is probably smaller than the decrease in the remaining value-added components because in general it is difficult to cut labour income in a short time. As a result, negative shocks lead to an increase in the share of labour compensation in the valueadded and consequently yield the result that labour compensation ratios increased relatively more than the value-added ratios.
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SUMMARY AND DISCUSSION
While economic shocks can lead to an increase or decrease in GDP, economic agents are expected to react to reduce the negative impact or amplify the positive effects. The ability of a country to contain the economic losses can be defined as the resilience to economic shocks. This paper empirically investigates the relationship between economic shocks and structural changes, and examines whether the structural changes contribute to containing the negative feedback from economic shocks, using the standard ICIO model and the OECD's ICIO tables from 1995 to 2011.
Our findings can be summarised as follows. First, the production and final demand structures, which are constructed using the standard ICIO model, tend to change to reduce the negative effects of final demand shocks. When economic shocks occur, the structure tends to change to increase the dependence on the value-added of service sectors and to decrease the dependence on the value-added of goods sectors. Therefore, the temporary shift from goods to services sectors seems to play a key role in preventing a steep decline in economic performance. Second, during an economic slowdown, the structure tends to change temporarily to increase the value-added induced by domestic services demand but decreases the value-added induced by both domestic goods demand and foreign final demand. Increasing the dependence on domestic services demand in an economic slowdown contributes to containing domestic economic losses. Third, based on the comparative analysis of the periods 1997 -2004 and 2004 -2011 , in recent years, the world economy has tended to change the structure to become more flexible to contain the negative impact. Finally, we examine the resilience of labour compensation instead of value-added, using the same empirical approach. We find that compared with the result for value-added, labour compensation is more resilient to final demand shocks.
In sum, during a downturn in total domestic final demand, countries that are able to prop up the economy through the domestic service sectors instead of domestic goods and foreign sectors are more resilient to negative shocks.
A note about why the dependence on foreign demand decreases during a downturn. In this phase, domestic goods demand is likely to decrease more than services. This decrease can lead to a fall in international trade because foreign demand is mainly for goods and the share of service trade is quite small. Therefore, a decline in domestic goods demand in many countries can lead to a decline in the dependence on foreign final demand. These findings are consistent to the discussion in the literature on business cycle synchronization (Rana, et al 2012; Berdiev and Chang, 2015) which have found that increasing international trade has led to more inter-country synchronization of business cycles. In a downturn, the propping-up by the domestic service sector seems to play a key role in temporarily containing the negative feedback.
Finally, let us look at the components of the production and final demand structure. As shown in Section 2.1, the structure we defined consists of the value-added ratios, the Leontief inverse matrix, and the composition of final demand. Which of these is a key driver of structural changes? This paper was not able to analyse this in the framework of the actual-predicted value-added comparison. However, we can show changes in these components over time. According to the median absolute percentage changes (MAPE) in these three components shown in Tables A5 and A6 of Appendix A, the value-added ratios are stable over the whole period at around 2%. The MAPEs of domestic parts of the Leontief multiplier and final demand are approximately 10% and 8%, respectively. The MAPEs of foreign parts of the Leontief multiplier and final demand are approximately 18% and 33%, respectively. Therefore, judging from the results, it is probable that the foreign part of final demand is a key driver of structural changes in the downturn phase.
NOTES
1.
See, for example, Miller and Blair (2009), Okuyama and Santos (2014) , and Arto et al (2015) .
2. OECD (2014a) and OECD (2014b) discuss better social and economic policies to better withstand environmental, political, economic and social shocks.
3.
See http://www.oecd.org/sti/ind/input-outputtables.htm .
4.
The exchange rates are obtained from the OECD National Accounts and the UNSD (United Nations Statistical Division) National Accounts. The GDP deflators are constructed as GDP at current price divided by GDP at constant price, which are obtained from the National Accounts data of the United Nations (UNSNA).
5.
We use the local polynomial regression method (Cleveland, et al., 1992) .
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APPENDIX A Table A1 . Contribution of production and final demand structure changes to value-added (%) 1995 (%) -1996 (%) 1996 (%) -1997 (%) 1997 (%) -1998 (%) 1998 (%) -1999 (%) 1999 (%) -2000 (%) 2000 (%) -2001 (%) 2001 (%) -2002 (%) 2002 (%) -2003 (%) 2003 (%) -2004 (%) 2004 (%) -2005 (%) 2005 (%) -2006 (%) 2006 (%) -2008 (%) 2008 (%) -2010 (%) 2010 (%) -2011 Table A2 . Contribution of production and final demand structure changes to value-added induced by domestic goods demand (%) 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010- Table A3 . Contribution of production and final demand structure changes to value-added induced by domestic services demand (%) 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010-2011 Table A4 . Contribution of production and final demand structure changes to value-added induced by foreign final (goods & services) demand (%) 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010- Note: The vertical axis represents the actual value-added growth rate and the horizontal axis, the predicted value-added growth rate. Both expressed as the deviation from the within-country mean growth over the sample period. The red line is a line with slope 1, and the grey interval indicates the 90% confidence interval. Brunei Darussalam is dropped from the sample. The definition of each group is described in 
Table B1. Regression results (Labour compensation)
The relationship between final demand shocks & structural changes Note: The explained variable is based on labour compensation data. The sample size is 930 (61 countries + ROW, 15 years) for each regression. The asterisks *** (**, *) denote 1% (5%, 10%) significance level. These panels (a) to (d) correspond to the models (a) to (d) in Equations (12) and (13) in the main paper. The null hypothesis of the likelihood ratio (LR) test is that dFD*Nega and dFD*Posi have the same coefficient. The relationship between final demand shocks and structural changes -(I) Sample from 1997 to 2004
Explanatory
(II) Sample from 20204 to 2011
Note: The explained variable is based on labour compensation data. The sample size is 496 (61 countries + ROW, 8 years) for each regression. The asterisks *** (**, *) denote 1% (5%, 10%) significant level. These panels (a) to (d) correspond to the models (a) to (d) in Equations (12) and (13) 
